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(57)AbstraGt: 

PROBLEM TO BE SOLVED: To provide a low power-consumption 
magnetic random access memory which makes TMR elements easy to 
Invert their magnetization directions in a memory layer, thereby reducing 
current consumption required for writing. 

SOLUTION: A nonvolatile magnetic memory 1 having a TMR elements 13 
composed of a ferromagnetic magnetization fixed layer 302, a memory 
layer 304 and a tunnel insulation layer 303 inserted between the layers 
302, 304 stores information, utilizing the effect that the resistance value 
of the element changes depending on whether spinning directions are 
parallel or antiparallel in the ferromagnetic material. At least a region 
facing the TMR elements 13 on at least one of a bit line 12 and a write 
word line 1 1 mutually crossing at two levels between which the TMR 
elements 1 3 locate is made of high-melting point/high resistance metal. 
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[ mikm ] h V 3 0 3 ^mm-mmY. 

0^3 0 2 hlBISlS 04 tt-mt'^ •&TMR«T 

MRm^ 1 3 irr^t ix±m^zx.m-ti x o mm^ 

^i'-^:< >: i-:^ti3(tl>ii'-^-< i: t TMRS^ 1 3 
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miB h y^>;ni^ffiffi«^ ^ rat LxiLwm^z-m.-th 
[ii*ii4 ] fjfBJpiia. file hy^-^>m%&ijim'f 

mliB«Sa)Pii#:t«})l£S-r i b t J; D ^^-Tl. v 

}\^^nmth z b mmb i-mmsmmm^^ 

msme ] v y^^fvmmnmmm*x-mA.x-^j:t 
hy^-^)vmmsim^^^tih(^x. miSMmii^cD 

-tizb mm ixwmmmttr-mmtffim^^^^ 
omm.(Dm-^Tii^i;mt,zi5\,^x . 
mi h y^^fi^mMm'fumimtiz 1 1 j: o . 
MitK^mmisr^^^ z b ^mb-ttm^^=to 

tijmi, mMvy^fi'mmmf-^z^mm.^^mf 

Xj^WzX -> X ^J:>--ivm-:^'^h i b ^^b tt 



hy^^;H8imit^^S:*^l.t>i^-C, IfllBSSiEffift*^ 

t^zb imm ixmmmiTmm<^mM,^ ^ 
ffiB h y^^)m%imm^mA.x-:h--oiL#iim'ti x 
< b i>-m , ffiaiif • ■m&mmxms&ti i t ir^t 

y. ^'y^/i', ^^'y. hy^A. M'-ti/''^i=., ^yT" 
aA^/^c^ri, ; b &#mi:-ri.it«Ji8isi5«««><*y 

[000 1] 

ii. h y^^;HS^ffi$L«T*^Jt-ri>?iiStt*<7;;^ey 

^•i^a^Wt i l < itKw-mzx -o xmLm-^mtth z 
b mmixmm^:tmi-^T-n^mmM:<=em 

[0002] 

[««e«] fflMfia^, mzmm^j:mmA 
mmm.smmmmzbh^j:^\ ztimmi 

aiE. mmm-^imb\ -Mco^mt*^mi!^^ixx 
[0003] mn£. i:s«MR^h^7>, if-A- 

t ^-y b -7 - ^ m ^ *^(7)P*Wt J: "5 m^tlfci^X' 

hzbtK'^h. -euT. ^ati^tt^^ywiewi:. 
t -r t -rag t=sr ^ T ^ T V ^ . 

[ 0 0 0 4 ] , ft3£t0j||«l|{i:?pg*lll»7-n -y 
^' 5rX^? yA-< ^tWc Ltf S#l.llDj«^S::'3SrW-i 
i-obm^^ixX^-^hif. Mm-^"/hV—:/y^^^)b± 

^: y *^'SISt'& hii. tmW: t ^ ^ y t c7)*ll;Sr*< 

-Tit^i'TSi.. ttz. vM^xtihbmmzmix% 
\-^mh-iyx9yv • 3j-y«tgi^acD:;»c^s^ 

wm.^ ^ y Wit- % iimmzti o t < i. . 

[0005] ^ISII'ff y b LX\t. *»#:?rffll>5t 
77'y^a;<^y^. 5SiS«ft&fflV^/cFRAM (Ferr 
o electric Randois Access Menory) ^sKifihW^il 
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RAM(CfeV^T{±, m^i^l'^&mn 012-1 014 

[0006} C?xA.co^:,ir2rW$^-i'^^»fl'tt;<^ U t 
LTtt@$iXTVi|,.<:7);0\ ^Jz.tS' rwang et al., IEEE 
Trans. Magn. 33 (1997) p4498j tia^^tLTV^I, J; -) 
^C, MRAM (Magnetic Random Access Memory) tDf 
(fi-Ll.«»,;<^:yC*D, 3fi#-(PDTMR (Tunnel Magna 
toresistance) mmmm±lZX ^jm^MlsblXo 

[0007] MR AM(i, mmv^mx'hifzi^-mMm 
I. tfzT^'■kxmmiz-y\^xh. wnizmmx%iz 

t i^l-M^tl. SEfc 1 0 0 M H z xni^^t^X'h?> ■Z t 
R.Scheuerlein et al, ISSCC Digest of Papers(Fe 
b.2000) P12S-129 t-lgSSilTV^I,. tfz. TMR (T 
unnel Magnetic Resistance) ^M:<lZX'OWili!,fS■J}^%^ 

imioiz^j:^fzm&XU. ±^<?m^trc^x^^ 
I, 

[0008] nmm D . «a€ ■ mmm-itt'^mM t \ ^ 

3S0TarW-r-SMRAMT-{i*-l>*\ •S2=^{S. TM 

Rm^izmM^'txtm^ixtz^-/hmtmr^^m'7 
-mizmmmv. ^m^mizx-yx^ifo. tm 
oiBiM ( 151*1 ) commmimMz hxi 

D . m^m^<?^mmmMzM Lx±%t^mmt =sr 
4Mmizi&u^^ x-m^^tii. mz. t'-yh^ra/ 

"7- KHIi^iO . GumtlX. IMcoEW-^ 5 0 0 n 
mtt^t. 3MA/cm2 fc^O, 

(Slfflma^^: 0. 5MA/cm2 )ix^jJ'Vn 

[0009] 

<t£htz^. mm.'mi<7:>m±. mmimmmmi^zts: 



[0010] 

maxx/^ commifmxh i. . 

[0011] *^B)!cOlim?t^ U HBtt. b y^-ji-^ 

^mzx-0 xmm&mt-ti z t mm ix^mim 
mtiTm^mm:%^=eom.!<zt5^^x. mihy^ 
fi^mM.&mm^ifmzLxi.miz-^ti x o izws. 

^z%\mhmt. WL^. ■ mM±w,xmmiix\^ 
[0012] hwm.^ ^ u mm.x\i . v y ^-)vmm& 

xcotz^. vy^^jvmmm'fi^liWh^fihcn 
x\ e€iliitt*-|*i^oK«E#Hs„ iTWh i 1 3&^t:'# 
I.. 

[0013] ^^m\izmmi <r)m.%^ ^ u ^m<^m% 

ey:^[6i«f t L.< {±KW{= J: -5Tffit^:«*^^{t;•t 
l. ; t mm Lxmmmmhr-mmi<nmM.^ ^ u 

0, mi.hyA-)vm.wm=irumm.i%^. m. 

[0014] ±mm 1 cOKa;^^: y^a£?)3g^3i^Srffi 

•cii. hy^^ji-mm,m'?'<r)'j'-^j:< bi^^mmo- 

lf?>ZbtfiX-^^<r)X\ m^:3<^-¥^iz^j:l. 
[0015] *^HJtf^§^2c7)e^^ty gS(7)»i 

a^:^&{i:. hy^-/umM^^m.mx'm/uX'^j:^h 
y^^ji'mmsjm'f^^i-thc7)x\ mmm^i^y^ 

hzb mm Lx-m^mmi-trm^mmM^'t o 
mm.<om a^*-stfcv ^-c , mm h y:^^!ummM.m 
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[0016] ±Mim2cr)mM.:<=f:0mm<r)m^&^:f}Wi 

[0017] t^^mcomMj< t 'jmmc^mmif'm:i. h 
i L < {iRWf J; -oxmrnimmtt hztmmi 

I.. 

[0018] ±iBiaM^^ u ga«s^5i:^-ffir-{i. b y 

Sill. h'>y mi3 J;tX«§aA'7-m(7)iJ'-^r< i: 
[00 19] 

[^m(r)mtMmM} t-f\ -^S^MRAM (Magaet 
ic Random Access Memory) '^2(DiMUifS^it 

Lx^skLfcmmmsmmmi.zxr.xmmi-i. m2x 

[0 0 2 0] ll2{c^-rJ:'5tc:, 9ffl«;<^:U-fe;t^^# 

*ai:tc3^t-i.*#ji;^v-KiHii i ( 1 1 1 , i 

12, 113) j3j;t/:'f'-y Mil 2 (121. 122. 
123) ir^-f^h. ^tli:>(Dm^}^^V-]mi Itf 

"/ m 1 2cDXiiffi«ic<i, mmm}m ( tmr ) » 

^1 3 ( 1 3 l — l 39) !!)JEa§iXTV^|., TMR* 
^ 1 3^iO*^3:;2*l5:, t'-y MSI 2J3j;y»#a^'7 

i^Th'-y Mil 2fc»§a^V-HiSl lti7)3g^ 

«t;ffM$ix/£TMR«^-l 3£0lS'liS3 0 4 (BWJi 

[ 0 0 2 1 ] 03 iZ^tTXrU^ Y&mi. m\i^ti 
l)E'l«Jia{t;^r|si<7)^lEL.g=V»fflS:SLTV^|,„ TXr 

isxu^'^y hmco-^i^Mcotfi-^m^xiy. v-m 
1 1< {±t'-7 br^^^is-cm-tsjswEnjDSfT.'^/s 



26. -?-ti^^iO:;*c#S;&^'-;^|tlRM#HK 
[0022] ];j±<r>X 0 (C. MR AMc7)T^>f Tii. f 

[0023] m-coimmmi>zti<ifi-^i&mm. 

u b<7)K:^V)i'^mzX'yxmti>. ^vhmMi 
^mmi^Mz^mijmm.^ {He„ ) mint. 
9^'^^-^~mi:'Mtii^^ii->zMzwmwf^<7)m 

[oo24]<?:tw, mm2>,zX'^xmmifzMRAM 

mMms^^mAcomimizx-oxmrn-f^. 

[002 5] m4!,Z^^tXol>Z. <l«MRAMi^IIIg«T- 

ii-ri.»#a=^^^v-H^i 1 (111. 112) axxj: 

t'-y hm 2 (121. 122. 123) ^^-tl. Z 

fi(>com^s^.Pi-mv~mi itf'yMii 2b(DxM 
mmut. mmm'f-b^j:iTMRm^i3 < 1 3 1 , 1 

32. 134. 135. 137. 1 3 8x)«a?iX. $ 

^i,zm^ii!, i<^mmi^mno hcoxmim^i'iiz 

MlBlxmmmhyyi^y^^l4l. 14 2. 14 
4. 145. 147. 14 8A''«^§ixTV^«,, ^i^iZ 
mrMhyy'Jx^ 141. 144. I47lzii-ty 
xn 1 5 1 mm-^ti. hyy'Jx^ 14 2, 

14 5. I4si,zii-tyxmi5 2ti<im^iix\>^l. 
[0026] IMi^yxW^i 5 1 li-tyxryy'i 5 3 
(cfgg^ii. -tyxifi 5 2{±-feyxryTi 5 4fc« 

^. »sa^'7-mi 1 iwwswi. ^^-lajcT)*^ 
a^v-K«issffiiJWi6i. i6 2pmm^h. 

"7- KM^aiBISIllSI 16 3. 1 64 

!> . $ ^> t f .y MI 1 2 1 c7)-s(c{i f >y h mmmm 

mi 7 l^^tSil^tL. f.y hWa2 2^-mzlit'-y 

hmmmmms^i 1 2mm^fi. ^-v vm 2 sen 

-St{ih''y h^«^»iISSl 7 3ifimm^fiX\.^ 

[0027] mz. m^^'mmnmmmm^z 
mmh. 41*. ^^^i's.ivffMimw^hYy^}^ 
mmsm^i- (OTTMRsgi^tiEt) ^m5(mm 

^zxmm-th. 

[0 0 28] Il5t^1-J:3fc. TMR«^1 3}i. » 

hwmm 3 0 2 1 is^t*>'iMgw^tiiiiK-ts t <n 
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[ 0 0 2 9 ] H 5 fc*-r-Mtii. 1 1 ±iz 

0 5»%M$ixTUS. ±fB^fWil3 0 

2 . ±ie ^ > ^^;nfess 3 0 3. ±f eie'tf Ji 304 

<rm 1 . %2(m.\m'^3 06,30 s t^rat, m. 
'mifiwms!m\zm^'^h 1 0 'Srssm^s 3 0 7 

[0030] ±ifiie'itii 304. mm 1 m\mm 

3 0 6. 3 0 8{i. i^Jitf. fti.t<{43A' 

< i: i< 2S*^A>^^^A^± a^r. 5Slltt**^fe^5. 
[003 1 ] ±iB#«*l 3 0 7{i. mm. 

[0032] item 1 m.\mm 3 0 6 

ft:ii3 0 5 i;»-r-l.mtJg)SSti-CV^-C. ^ix^>OS 

p^tci) < -mM-muz^ -^x.m om\mm 3 0 
[0033] ±ieR5gattfti3 0 5«i. mm. m 

[0034] m.v>A-}Vimm3Q 3\t. mnt. m. 

'ftS-fti^'JnyA^^.^r^, 

[ 0 0 3 5 ] ±ia F y^-;i^»)l 3 0 3 ii. ilEiaSif 

3 0 4 ym&imm 3 0 2 1 i?)me<)is-^^ffli> t 

\zl.'^XJ&^^TX^ . hy^s;Hg^Jl(i;, ;^A°-y y 

rmzi.-^x-m^^Mzmmmc. mc^^ i < m 

[0036] §<i>t*±iitii:l- -yTa-h^3 1 3*^ 
mf^^^flXi^l. C:^0h-y7°3-M13 1 3!±. TMR 

m^i atmruRmTi 3f&mm-im:tcon 
mmm±. mmmmaxmmm 304 com^to 

miti-^ym<7)Mmizx*)mfS.^iix\>^i. t*» 
«®3 1 2{±. TMRm'f-tmmzmm^ti%,x-< .y^ 

1 3 0 5 C i: C> «rt^T-S>l, , 

[0037] 3Tii. amffifii 

aat J: s hy^vi^sM^ftt^aj t-cits&i^ajt 
tf^. ^mmmm3 0 4bmi.m2<7)mmm 



3 0 6. 3 0 8 ^: ^ffiMlgft:^ [6] (■zimtl . 
[0038] JXfC. *^B3cr)g^^^ y ggt«§-^ 

mmm^:. -Mttr. ttfEH2i3it^4fc*r«-t 

|>MR AMc?)#— fe/t/OKffiffijSlSr^-tia 1 Oif^^lt 

ifMllltcJ;'?TiMBfl1-|>. ^fe. laii^ (2) ii@i<7) 
( 1 .) cOA-AHirfflSr^-r. 
[ 0 0 3 9 ] H 1 -5 1 . ( Mitfp 

m^-^tlX^^h, icDpa'>x;l/««2 2t!i:. h^y 
>'':^^?^)S«J*$r:»-ii1-|.«i^iHI«2 3*^\ V^i5»9> 

1ST I (Shallow Trench Isolation) T'JFMStlTV-^ 
!>. ±iapS':'X;PfI«2 2±«i:. ::^-h^SJl2 5 
Sr;/rL.Ty-hm® (V-m) 2 6*sjg«§^l. 
httii 2 6 (7)WfflJtfc ftl) P M^x/PM^ 2 2 tciira 

iffl«(Mt«'N* itmrnm 27. 2 83&>fM§ 

ii. «^j;iah7yi>';^^24*^«fiS§iiTv^i.. 
[0040] ±imm^ h^y'Jx^24 liWi^Bi I 

ffifzibayx-^ v^yymi-tLXmm-fh. n 

m.ttdtvmmfMvyy'jx9cnMz. r-f^- 

[004 1] ±im^^^vyyyX'^2A^m.o'^ 
mi>zm 1 coimm 1 *^B^stL-c v , ^ com 1 

iSilS4 1 {C{4±i^iCil^i^ 2 7. 28 izmmi 3 y 

^'^'h2 9. 3omM^tix^^h. ^hi'zmicr>mm 

M4 liiciiny^'^' h2 9. 3 0Wgi|-r§-feyx» 
1 5. mit7)iej«3 l^^'^fiic^itTV^^. 

[0042] ±.iam 1 (r>m^m i ±tc{4. ±12^2 y x 
It 1 5 . m 1 <^ieii 3 1 -5 IS 2 co*esii4 2 
fS.^nx^-^1, i«m2«M»«4 2W4±iBmi«Die 

|glt^-ri.ny:?i?'>-3 3*%M§ilTV^|,. 

tc±fa^2«ffi^l4 2±fc{5. ^2c7)i^3 5. «^ 

[0043] ±iSm2cr)W&m4 2±t!±. ±E»#a 

;^^v-Fiii 1. m2cnmm5mindm3(Dm&\^ 

4 3mf&^tix\-^i. z<Dm3i7)fmm4 3a±. ± 

15® 2 3 5 tc«M-t 1. 3 y ^ h 3 7 

TV^S, §^>{c±iBlg3cO«Ji4 3±«4. ±E»t 

jXAV-KHi I±:^j;0±fa3y^^'h3 7<7)±si5 

c«M-ri.fgMii*^E»i4ft«3 0 stccfc omsn 

[0 044] §f>t. ±iaK3tl^tt#:l3 0 5±T'. ± 

ia»ta^y-K«i i<7)±:^t3{i. weit.«^i 3 

^iJBfiStSnTV^I.. ^<^'»l6iB«*^13l4. iflEllS 
tzX^XmmLtzi:ol>z. R^1Sttftl3 0 5±tc. ^ 
1 cO!I{i:HS13 0 6 fclittl*^^SISfiWtCfe^-ri. 
J; 3^^«ftl3 0 7 i:®2c7)MSIS13 0 8 $r)H 
tWS L-C^r-l.iS«^ 3 0 2 . h y ;tvH6Sii 3 0 
3. iaiS1304. $^,C=3f^>yTl3 1 S^lilimJi 
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mt. ma sizx -yxmm itix o ^j:mm^ ^ ^ti 
I. 

[0045] ±Bm3comm4 3±izit±iim.-m 

if^tl. ±fHTMR*^ 1 3<7)ft±Jl*<SttlSfxTV^ 
1.. ±ISS4cO|g«4 4±Wi:. ±iBTMRR^ 1 3 

i:±iETMR*^ 1 3^rBl(;tT±#«t^ll miif 

[0046] ±MmM^ =f:'jmm.i -c« , ±ie»# 

7 - 1 1 CO 3 ^>±fBTM R*^ 1 3 WTS-tCffiBI- 
*3t{4s ±Et'-y h^l 2c?)d'fe±iaTMR*^ 1 3(C 

zthsimx'hi. 

[0047] ■ affiSt^Ht LXli.. 9 

mMj^.-'X&tn.^mx-hl. 4 ')'J-^is^ :tx5'> 

[0048] mM^^<^m%^ ^: u 1 t-{ i . ±.tm 

<ri:*>^>. ♦Sa^^f^y-mi Items S:St;t«^t 

ii:. Sitt;^ ■ timA-kwrcfm^fix^-^imii'^^J 

R*-? 1 3 iJpSSi^ixScOT'. 

■frHsn&T{fl.^i:*i't-*.|., {R.H.Koch e 

t al., Phys.Rev.Lett.84 (2000)p.5419. J.Z.Sun et a 
1., Joint Magnetisi and Magnetic Material 8 (200 

mi\:Kmmm:i.wx7'yxv'^htwk. 

m^tiX\-^htK zcryxmi>z\i. ^^bJcOK^^^ 'J^ 

x'mm-hzuz->\^x\mhimh^^^h^j:^iix\^ 

[0049] -:tr. ±iEt'-y h^i 2co3^>i!'-^r< 



SffiK^«TfM§ntV>|,«-Cl3:, b'v Mil 2t 
!>. ^'(Dfz^^ TMR*^ 1 3 -hn»^flh<r>X\ WC 

mmrnnmrnrnm^^ s ; t ¥X'^ h . ^ 

[ 0 0 5 0 ] s ^>t;. ±tasiit^& • 

ixx\,-^hmm^'t^m^^^^^^-mi itm 

Bii* ■ «fiffi:A«T«)S.§ixrv^i.«5:*-rs±ia 

b''y h^l 2cOii^^-;6«§tLtV^|)K«,p{^ y^St- 
ii, $^>tTMR«^^l 3^».L-^-r<*S!'i*^. $ 

t=\.zmmi.<wmmmmimmyi^^ i. ^ 
[005 1] <xiz. ifm^\:zmhw.ic^m.%:^'t'3m 

[ 0 0 5 2 ] H 1 t0SM><^ ySB<?)«#3A^S^Sii:, 

F y:tvH®i!l 3 0 3 SrMtt#:*^A. 
^-?.}SftH|gJi (^2 coafkllSil3 0 8 ) fc5iettft 
A^'^^c^iB'ltJf 3 0 4 T-mT-^|.TMR«T 1 3 

^icoTMRSi^i 3eoT:Srt«#a;^'7-mi i 

^^laasii. i<?)TMR«^£7)±ffi{itML-x)^o#$a 
vmi 2tmt^ixfzm^(mm<^'f:.^MW.x'hh, 

[0053] z<r)i. 0 ^it^coEM^^: ygSi. ±ie 
iai«i3 0 4<:0Xt°yS-i*]*STfft U<{4R¥^f^wJ;o 

xwm.i^mc^hztmmhx>m^imth. ^ 
<m\>z. ±ia«^a^^'7-H«5i ii3j:tx±iaf>yMs 

1 2 « ') h<r)'}fts: < b h-1j^imtl ZtizXKi ±IB 
TM R«^^ 1 3 <7)tttlB'liS 3 0 4 ^ jD^t" » ^tltC 
iot. TMR^^-l 3 ifrcOSE^^Kft^iX. StejS 
^k*^ffiT§-^^itS. ±IB«#a^'7-KISl IT-TM 

Rm^isnamtiiSr^i'Zii. miis±mmrTi^'7 
~¥mii «±iBTM R«^ 1 3 L? V ^imm 
■^m.^.--^mi±mmx'mmixiimfx\'\ h 

Kit. JilBt'-y Mil 2-CTMR*^ 1 3*jDii1-|. 

ii-^Wi. Mi.{f±fBf-yFai 2<7)±iaTMR*^ 1 

3izM\^ix^^mm. mm^. ■ m&m^mmn'm 
^LTi3Wfj:v\ ±mmi^ ■ nmrnm^mt ix 

[0054] ±iBii 1 com^^^omw:<^m-^&^iim 

mm-iztijzx'o. TMR*^ 1 3eftcojjaes:i« 

X't S c7)T\ Th^mmz^j: h . 

[0055] mz. im^^zmhrn^"^ v^mm 
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2m^ 'A^mtzi^^mmmmmrmmti . 
[0 0 5 6] mM,^tumw.(n^2(7)m^7i^ijmi. 

^ ffl V ^ T fx a . mien HzX'.ximLfz^o ^xm& . 
fj:hK>. h 3 0 3 

^m&m 3 0 2 ( ^ 2 cr>mim^m sos ) t ^m^^ 

*^4^SIStt®3 0 4t:mt-^I.TMR*?l 3 Sr# 
ClOTMR^iFl 3c7)T*-t;#$a^7-mi 1 

Kill 1 t±mi'-^m-h^'-^ hwfimi 
[0057] zcox 0 ^Mik<omm?<'evmm.i,t. m 

IBItl 3 0 4 cox t" y W ^ t < iiR Wfc J: r, 

<7)iit3, TMRm=?-i3m(>zic.^m.^iMfxmmfi 

tizx'o. ±iaTMR*^ 1 smiMmti. f^h 

-Km^mtamzx-oXTMRm^i sitm-t 

[0 0 5 8] mei^Z^tiolZ^ TMR*-?! 3ti. ^ 

§fiettf*« 3 0 5,^1 ^E-ftiisi 3 0 6 1 mm^ 
m^zm^^fimmms o 7 fcS2«Mii£i3 0 

8d^^^i.K^t:ia^3 0 2. hy^t-'/L-ifeSffiSO 3. 

leiii 3 0 4, ^m^muti ztizx *)m:tm 
=t oj&iji-r s , mum ■ u 3 j; 3 ^iofitiicT)^ 

[0059] SS^a^Srff ^^{l. ±IBTMR*-T 1 3 
ii*>4>>5rl.llloil^®i3 0 6, !IMtt*ii*^ii>^r 

3 0 4*5 j;yi«jgfiiW4T-«K$ix-S^»13 1 5 ) t 

-/wiiT'^m&st^iTMRS^ 1 3 nm^ism.^fi^ . t 
L hsmxii^\, ^tiK laiii 304 <7)s®;^>feia'iia 3 

0 4 2:JP^-ri.:ii:*<T#-l.iOT\ |^Ji3 1 5i±m 

LT*3<^t:?;i#^LV\, =^i>, LS I coffin tfflV-itf, 

[0060] ±mm2(r>mM^'tuim^m&^io& 
xu. TMRm^fi 3 sm»^mm-t I zkiz]: 
0. m.immm^imT^'tizbizi:m^&^^:ff 

[ 0 0 6 1 ] *^0^(cfc(t-&e^^^ u^icos 
mizi.->xwmfh. 



[ 0 0 6 2 ] 4t\ ii^!iL^v^*i, ^m^mmzM. 

=y%\<nim^m^'^fix\.^h. ^\.xmi(r> 

{ 1 ) t^-t J; d t , m 1 coiesK4 1 Biz\m 1 <5^ia 

113 1 , -feyxil (H^-lir-f ) #A*ffMStT.TV^&, C 

113 1, -feyxii (HS^-tir-r) ^^S^M^tyU^y 
(P-TEOS) M4 2lSrM-i{f lOOnmcOiiSC 

Uay (HDP) M4 2 2*Mx{J8 0 0nmcOff$tC 
fiSfit, S'ijtffifti^U^y (P-TEOS) 11423 
&{?ijt{f 1 2 0 0 nmtClJf §KjtjlUT. ^2c7)^l 

4 2^»^-ri>. ^f^ft. ^Rtf-fi^^a^wieKi^ 

±fei^ 1 <7)iBII3 1 ±t«tff 7 0 0 n m(7)Jf §<7) 
JiiJ^a-tJ:otc, ±ieS2cOffiai]i4 2S:i9fetl.« 

[0063] Mz. i.m-mc^i\^^^2<^wm. 

4 2±(c. WiJfr^x-^cvDatciD. x.yf-yr 
X V ■7^N°]14 7 Sr, ^ii.tfM'fbj^ U ny ( P - S i N ) 
l^l^Jxtt'2 0nniCDJiSt)^LT»^t§. 

iJ-'Xg^g-c . ±isx ^y^yyx Y 7^-14 7 cfr* 

[0064] '■^\-^X. ±fBb'r*-;W"«:^''-ySr«toa 

J: 5 {C±f EX .y y ^'X b >7 V N°M 4 7 ± t P - T E O 
Sl*rMx.tf3 0 0nmc7)»StC)tKtT. ^3f0^ 
14 3 (431) ^mm-lo ^COV^. U'JXhm^X 

ov^yy ^-xm. xy^y fxm^mx. m3 
mmmA 3 1 izmmm4 9 mm-t 1 1 i,(c±iBig 
1 <r>m.3 1 \<zm-h fc"r*-;k4 s ^mfmu-th . 

^(OXy^ynm, Mfti^U 3yfc*fLTiS'ftj/U 

:3yAJ|i#?S^Jtx.y^y:?"§tLS*ftT-fTa „ 
[0065] d(S'^X\ P VD (Physical Vapor Deposit 
ion) ±IBf T*-;l'4 8*><J:V'±IBffiill 

«4 9£5D#i*ifflt:AUT^^;ni^ , mumiti-^y 

mi:2 0nmcr,m'&l,zmmitzmi-fymi 5 nmc7)Jf 

sicit«L-c»€-f'So {X^^x\ ^t^m%mmm:iizj: 

-^X. ±iBt'T*-/l/4 8*3itA'±iBKMl;S4 9^«* 

14 3i±.i,zimuz^si(r>^'y^x'fyhmr;<i' 
jmt^miLx. ±imMM4 9mzj<'jrA9)v^ 
^■frix^yf''XTyxmmrjkP^'7-mi 1 . 
m2c^im3 5 mmh tt^^z. m\^rt^->vA 
8rtty-?';r;<^/uM*:frLT^y/xxyj: Ojt-sr 

[0066] ^m,, ±m.3oymwA 3 1 ±t±iB 
ai'ii^^^y-Kiii 1 , ^2«ie^3 5mkm.o±Mm 

^(ri^3(DmMA3 (432) Sr, WxJfP-TEO 
SM^Mxtfl 00nmc?)E§tiiaL-C?g^-r-l.. CI 
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[0067] ±iexmTj^^§ni.ss a^'?- ¥m i 

icDMfitii, mtll, PVDa=i,L<(icvD^(ci 
[0068] <}^V^T\ I17<^ ( 2 ) iZ^-tX l Wv' 

X h^^xg. y y ^'■^ 7 -f -xmi,zx o , ±iE» 3 co 
;U5 1 ^JFM-ri.. 

[0069] igV^T. PVD-StJ;-:>T, A-iJTJi3 1 

3 0 2 . h y ^vp^iw 3 0 3. mmm-^t^^j:mm 

[0070] ^m^-^UTMS 1 5 Wi, W;i{f - a-ft:^ 
* 1., JifB^3tmtt*S3 0 5t{±. ie ■ 

[0071] 3SlStt#*>fe^rl>±iB?S-ftH^3 0 2{c 

ii. mux. -■•r'Dv ■ 3Avi.h ■ §im<:o^±m-\ 

1i#:Jl 6 5 1 c7)3<PJS-&t i; o T . »ft:(^*I^X)^f 

(pinning) S^lS. 
[0072] ilBby^-'l'ffiSlSOSfCli. ^Uif. 

0 3 . 0 . 5 n m~ 5 n mmSieOimzm^ 

TMi^^ill^^mt^hltzlsb^ milt. ALD (Atomic 
Layer Deposition) t> L<ii;XA°.y ^ >J y^^'tcj; 

[0073] 5SJStt#:*>fe=Srl.±IEieS13 0 4 

\^hZtffiX'%h. zmmmSOAli. TMR«T1 

3c7)?hgi56n!iiB»iicj:-oT. mLm^m.\tmM3 

0 2 4C*f tT W i> t < {JRW tc^;t I. w t *^'T'# 
[0074] ±fS^-v 77°J1 3 1 3{i:, f?iJ;cJS'. 

I.. 

[0075] <X\-^X\ EI7C7) ( 3 ) fc^tJ: o l<z. 

XJi'y^y^^\.zk D±IB^^ "/^-Jf 3 1 3-±iEA'ur 
J13 1 StULLX. TMR«tF1 3SrJFM-tl.« x-y 

ffiia^3 0 3*>^>ftTJi<7)R3SJSttftji 3 0 5c7)^efC 



J; 3 t^St-S 0 ilB-C1i:S5fi«tt*il 3 0 5 ± 
•Cx-yf-y^-WTLTV^S, ■liOx^yf-yiJ-'Wi:, x 
y^y'f:^xb Lxmmm (CD 
y?yxtL<{±-S€M« (CO) cry^xr (nh 

[0076] d^\^x\ vm^m^b O V^^yy^i 

v^f^R)Ett-^:tyx-yf-y^''tJ: 0, SO^OTiwmtJft 
SrJniLT. T]VIR*f-13i:||2c7)iaiS3 5 3:S«S§ 
tlf^^f'^xms 1 7SrTMRa«lic7)-i5&fflV^T» 

itti.. i^Tii, i.bixmmm3 0 5t^<^j 
rm3 1 stt-B^-ti.. 

[0077] 17(7) (4) t^tiotC. CVD 
ffitL<{iPVDffitj;-?T, ^fflt»fb>U3ytt 

muzm. im-mmmmizi-^x. ^^«iaL^cS4 
(D-mm A^m^^mofhb bUz. tmr*^i 

[0078] ?^v^T% wmmt^mmBmrnnzx-^x . 
h"-y hMi 2mifnmmmm m^-f) . ;f'y 

Hfcr9X^aftv-iJr3y|l;5j^^>^|,||5coiei^M4 5 
^ffML/cf*, ±l£#'yT^y:5''>'^°-/Fai* (115^-t^ 
-f) ^HSDtT. LS liO'>x>Nrp-fe;^lSS:^7§ 

[0079] jjBEm^^: ysac73S^:&ST{±, tm 

h'-ybSIl 2fcJ;t>'SSa;^7-Hlll l«iJ'-^<i:t 

--^ {mm^mm^Th?^v-Y'm i ) S:. sisus 

R«^ 1 3 t>JJDii$iXl.<7X-\ «•fLiIllf[tl^•|^^)(7)RlE^ 

[ 0 0 8 0 ] >5rfc. Ei8o#$a^v- ^•^c7)#t^l!a^^ 

*t-J:ofc. Siii^^V-mi lcoffia2r±#S-li:l. 
fcS^Wi, TMR*^ 1 3cO«T#Si7)»#a^'7~H 

HI lS:ffl^>€TJi5)S;-ri.J:3tLTiJ;V\ 

[0081 ] mz. ^%mzii\'fm,%.^^'mm.<:rM 
mi^z^-yxmrnti. 

[ 0 0 8 2 ] 4-f . H^fi: t^^V^;:)^. mt^mKlZii. 
mP9.liiLhyy'JX9i:mifzm?t-&l®B. ^tiSrS 

omi(^mmmm-m&^fix\^i>. ^ixm9(r> 

{ 1 ) iz^.ti: oiz.mi <^mmm 1 ^iznm 1 <oni 
113 1 . -^yx^ (Bi*-ti"f ) mtmm^tix\^i. i 

<:0lSltf0iegM4 l±t. Mx-iJrh^xb^vi/^y 

^3 1, -feyxn (H^^-tir-f ) m^mmiti^'J^y 
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(P-TEOS) M4 2lSrfiiH"10 0nm£7)II§C 

U3y (HDP) J14 2 2^m«3"8 0 0nmcOW§{- 

EKL, S^fcR-ltv-y^y (P-TEOS) ^4 23 
SrPRJf 1 2 0 0 nmtJ»:St|3j<:lL.T , m2cOffeSM 

X. }MimM3 l±t^R{f 7 0 0 nm<OJf 

[ 0 0 8 3 ] <Xt::. ±Si.mMt^tJ-z±Xim2cr)Wm 

X h yJMA 7 . MX-HMftv-y 3y ( P - S i N ) 
liar^li.«f 2 0 n mcOJ¥SfcBgML-tffMt--g.« -^-^O 

^'■xm^^T . ±IBX -y f-y^^X h >yy N'B4 7 fch'r* 

[0 0 84 3 ±iaf7^^-;l'^-?:5'->S:iitoji 
tf i a (w±ffiX -y f - y Z;:^ h >y -^jg 4 7 ±{C P - T E O 

SKS:0IJi.lf SOOnmiOSStfigllLT, ^3^016^ 
M4 3 (43 1) ^fm-fl: ^<n'ik. Vi>XVmMJL 

VV^'yy Xyf-yr^'iSSrST. 113 

(^mtmA 3 1 izmmmA 9 mmti t bh\,zi.m. 

1 cDffiISS 1 tjl-ri> fT*-;l^4 8 -kWfWiU-th . 

[0085] P VDffit ioT , ±iefT*- 

)UA 8iiXU:±mSM.mA 9 ^tii65itf i o t^Mf-fl 
Jilr, mif^:S'yM^10nm£7)^St««t, 

xm.it^^>m^3 0nmff)m^i,zimLt:m. r;!^s 

-'^AIH-^^ (^J;?.?f A 1 - 0 . 5%C u ) P.Sr^JiJf 
7 0 0 nmCOffSKfM-ri. . ^cOt*, -fk^ffiW* 

t J: o T , m 3 (Ol6iil4 3 1 ±izim iti^mco^m 

mmmaix. ±immA9\Hi,z-^mmmx o 

[0086] iJctc. m9<r) (2) ts^-tidt;:. ±iam 

3 mmmA 3 1 ±t^jiis^ 2 <7)m 3 5 mo a" u r 

:A^)Um (HS^-f) M;iifM€f-:?y^^Jx.{f2 

0 n mm^ izmmtxmit^tt . s {c-ft^s^mffljt 

SffitcJ;-,T. Sa^S ■ Sfta^«ii9 2&, |5iJ^{f^ 
>^";^f-y$:M;t{f 2 0 0 nm(7)JIStClSML.T»JS;■t 
x-yf-y/is^ST. ±ifiBiiu*c • ftffifii:^ja«9 2 

19 2 &±iM*4i;-ri.»Sa^'7- Fl^l 1 ^fM 
't?> tbh^z. ±fe®2<^EII3 5±izi,mm, ■ iSffi 
filAJRJlQ 2?rJgJtt-|.. WT. ±l5®2c7)iBiS3 5± 

(cjijfigs^i/isii* ■ ^mji^mm9 2 ^#*bTm2oo 

J: t^'ilS^ 2 coEil 3 5 ^ a d ±®g|5^<7)g 3 £0^6^11 

4 3 2&, 0!|;i{fP-TEOS)iS'5OOnmc7)ii:$t 



itatT?g«-ri.. iiOidtiLT, SI3C0|^M4 3 

[ 0 0 8 7 3 -eof^. <t^ffmmmi>zi 0 t , ±k;s 

Ml* • ^&tsi-tmm 9 2±izw. 3 <^'m.mA 3 ^^bs i 
0 ^zw. 3 «*g«ii4 3 mmi^^^th . LffiXot^m 
i&xii. mzBm-hTURmTi 3mj^zmihm 

^a^^^y-F^l Hi, Ayr;^^';lxJit^'y:/Xxy 

vmi uzmmm.Uim^. ^<^mmmmzm^ 
mzLxt\!mixh. 

[0088] mmmmxii. mMfMzcvD'Mz 
i^^m^fihi^y^'XTykm^^fztf. mut. pv 

Di£t L<i4CVD)£icj;'5-r^M§ix§, 

y. :^'y^';i', ^^-yhy^A, ji-fiz-^j^^ ^y^T-' 

y, Qj^V/O., --yir;i^i3j;t/>PrXT>Aco^*>c?)ia 

[0089] >f\ ia9« ( 3 ) C?f<-t J; d 

^M4 3Jit;:v::^^'S:mLfc^. -eiOVXi^Srigi,^ 
Tx-yf-y^lcj; ^^2(nm^3 5bimf^^rTf^'- 

[0 0 90] ^i^^T, pvDmizx-ox. -f^vrmsi 

5, R3S»ftii3 0 5, 3S8ltt*A^i^^rl.e€ll^Ji 
3 0 2 , b y^tvWgSl 3 0 3, 5fiffl4**^^^l>iS1i 
ii3 0 4 . ^ -y7"Ji 3 1 3 S:JliJJ:j5i<;K-ri, . 

[0091] ±3if<v n 3 1 5 izii. mui. m^-f- 

^y. ^y-^)V\,\.<\m.\t^y'?ivi^\^h^}:.i?x 
%h. ±i£s^iStti*Ji3 0 5tc{4, mm. m ■ ^y 

:)5?y, - »/^r;p . '7y:^y^ ■ -^yijy ^ A 

A ■ -7y;^>#c7)-7y7!?"y-^ASrfflV^I) >I h A^'T-i ^ , 

[0092] mmm-t-^^t£hi.^\mm3 0 2t: 

^m\^h^bi^x%h. z(m.\m'^3Q2\wM^ 
'S#:«6 5 fcw^ii^^icioT, wkjmsWi^'^:^y 

7' (pinning) ^tlh, 

[ 0 0 9 3 ] ±IB h y^}\mm 3 0 3 Wi, 0iJ;tJf , 

K-ft;T;k$ -'^Axjifflv^^fiS . h y ;t^;i46W 3 

0 3{i. aSr, 0. 5nm~5nmg«cD#«IC|SV^K 
•effM§iil)£-^*^'S)l'^-*, Mi-Ji'. ALD (Atomic 
Layer Deposition) i t<^^>t.>'^'•y^' y y^^fc J: 

[0094] mm!mt)-^t:>ti:hiL%mm. 304 

V^.SC:i;*^'T-#l.o Z(nKMM30Al'i. TMR*^1 
3cr>9mMm.^l>zX -oX. ^■ft;cO*|6]*iK-ft;|lISJi3 
0 2l,zMLX^^hl<itmmz^lhZbt>^X^ 
I. 

[0095] ±ie^^ >yrS3 1 3{4. Mm. is^y^ 
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[00 9 6] <}^V^-C, 09«D (4) t*-rJ:'3fc. l^'J 

X h mmxm . U V 5 7 ^ -Ig}:: J; 19 , ±12=^ ■\' -y 

-CX.y-f>-i?-tJ; D±ie^-r -yrlS 1 3-±IBA'>jr 
;i3 1 SSrJnXLT, TMR*T 1 3SrJFM-tl.« x-y 

l^Jis 0 sA'^^ft Tl«M3iett#;13 0 sc^jt^r 
m*ji X 0 fcKs-r s . mmx'ummmm 3 o 5± 

T-Xvf-y:^'WTL-CV^^. c:cOx-y^y;/«i:, x 
v-f>^'-;^'XtLTMxlS'S* (C 1 ) 

y ;^7'x t L < it-mm* (co)try^xT(NH 

[0097] ^^V^T- U V^'y y ^ 

V'»5tg:)Ett-^:t>'X>yf-y>?"C±0s BOcOTMRW^if 

SrJPlLT, TMR«^ 1 3hm20ieiI3 5t^«il 
■t^^Uf^:^m 1 7SrTMR«jiK<7)-8PSrfflv>Tf^ 
^■ri>o ii-Cii. ±iLTK3Sett*«30 5tA-y 

rms 1 sttm-ti.. 

[0 0 98] I19i7) (5) C^-fiot, CVD 

3«*±ac?)df-^ ■y7°13 1 3SrSaiS-frl., 
[ 0 0 9 9 ] iJrv^T'. M*S9=5ri^?FMl$»C i 

T ^ y N° -y H«M ( m^F^-^i' ) f m-ri. . $ a> 
B(=r9Xva{[:i^'j3y|i*>^^r.s®5<7)^iiM4 5 

SrgiPL-C. LS icO'^XATn-feXIg^^T^ 

[0100] ±ia?^><* ';ga£?)^:&ffi-c{i. tm 

R^^ 1 3 Srtt/v,T-*^oA#:3:S-r^-. J: d (cffMSiil. 
f'y hUl 2i>j;t^'«|:a^7-F^l l«^i'-^:<h4> 

(±ias8Bj-e{i»iia^7-Kmi i ) io-gp^, 

■tti:hi^^ TMR*^1 

[ 0 1 0 1 ] HI Oso*^a;^V-FIIc73lWSI 
|.7t*^a±. TMRS^l 3c:0±^r#i£^0»#ii;^V- 



wmm4 3 (431) m&^ti. »§a;^v-Hiii 

1 <Dnm^ 1 1 e {iSffluii • Sffilni^Jil 9 2 i: r 

[ 0 1 0 2 ] ^m<m^?<'tvmm<7)m&fim 
i,z%im3(7)mm<7)Mm.^. m otioruiB^-ts. 
[0103] ±ie® 1 (^mnmmisxr/m2<^mim 
mmxn. »^jiA7-mi i^*tu<{±-ii5S:ffi 

itt -yh^l 3^7)M^r§. ^<7):M:it<ii:«— gP^ 

[ 0 1 0 4 ] i ; -cii , ^%m<Dm%j< 1 1) mm^mi. 
i3-mz^^m3cDmmcommt ix. f7 hmco-3i 
mm^mTmm-imm^ .mi <^mmm 

mmi'zx-oxmm-fi. WF<ommxn. miaiii- h 

[0105] TMR«^ 1 3<^m^txi±. m 1 «^ft 
comm. b mmcom&TMtm.h . <i .1 t-wT m rs-? 1 

[0 106] lai nzmxo^z. cvDS£iu<t4P 

VDffi(tJ;-7T. S3<7)ffi»M4 3»ft;i^UayMt 

etioT, ^c7j^3f0ie«^K4 3c7)affiS:Wt-ri. 
fcfc^jHTMR^HFl 3<7)ftiJl£?)^A'-y7°Ji3 13^ 

[0107] ±fas3«feW4 3±t±ia^ 

mumi\Li~9ymimm2 0 n meows tttatT 
®^t-i>» ^ t^^zimm%mm:mzi-,x . ^y^x 

f-yM 9 4 ^f^ij/.ff 5 0 0 n mcOff § C»fR-ri> = 
[0 1 08] iX^^t'. Pi^'XhM^PIg. 'JViJ-'^^-f 
-JM. x.y?-yyxgSrgT, :5'y7'Xryll9 4Sr 

±ieiisfifc-ri.t''y bmi 24>j:2>'is3<5oisii (as 

(c, filji[^S^>K±#§-ti:l.^cJ6t=. TMR«i^l3± 
cOf-yMIl 2co||fiSrll4ii:-C»B!cL-Cib 
[0109] ^cO^^ffiT'tJ:. ;?y^^XryiitC V 
D^S(cJ:OBgJSU:*\ mtli. PVDai>t<{iCV 

DA, i^vwaxi^A, :^'y^;^xy, ^'y^/i'. f-^y 

/I/fei;W;Pf--'>Ac?3o*>«l«*^^>^l>#WM, iL 
(C:^Htm4 £?)*eibli4 4 S , mUfryX'^m.i^ u 

3 y*tft« ttmL^^f^. ±ie*'yTV y/A->y fip 
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[0 1 1 0] *%BBioms^^^'j$ISc^S5i^rS 

[ 0 1 1 n TMRS^ 1 3£7)ffMtT-!i;. 

[0 1 1 2] HI 2^0 ( 1 ) tc^-fidt:, CVD^i 
t<iiPVD^{ia;-^-C, m3«*g»M4 3SrSftviJ 
3 >-ll i> t < {M-fbT/t^ S --^ A8IT»^ Ltzm. m 

wnffwe t i -5 T , -e<7)ig 3 coasR 4 s ^ w- 

i: h l.[CTMR«^ 1 3<50ft±Ji<50^-¥ y 7°» 
3 1 3SrS{li§-tt-l.. 

[0113] m\-^x\ ±ssm3<^ymm4 3±t±iBT 

*a t i -3 r . sH* ■ iSffiffi^MS 9 4 ^ . Mi. (f 5^ 

y^'X'fy^:mUl2 0 0 nm(7)l|:S^^JtmLTffM-r 
i., 

[0114] i^R.\^x\ wjx vm^JM. u v^^57 -f 

$-ttl>yis^t. TMR«-?1 3E±(.;:fe{tl.f-y Mil 

[0115] z.(r>m&-h-'AX{i. slid • sffiiS^SS 

CTi.{f, PVDsttL<iiCVDat^j:-oTltM§ 

l>^#MS:fflV^|> ^1 1 t)>X^ h . 

[0116] <5cv^-c, ±xm.3ffyimmA 3±(:. ±ia 

f'y Mil 2i5 xifmmmwM iWr-^-f) axx/t^ 
y T ^ >' ^'■v .y K mm ( ) 3 m 4 c^iesM 

44^, Mi.{fP-TEOSMSr0l|i.H'5OOnm(?)JJ 

T, m40ffi^M4 4(7)«SiSr¥iI-ft;-tl., 
[0 117] <XviT\ HI 2(55 (2) {ZTf.'tX'jliZ^ V 

SrgT. TMR«i^i 3i:±#3e^i^<±ief-yhsii 

2±C;:fc(t-&m4co«»M4 4i3j;tJfI|}a®Si2ii (0 
^^^•f) fcJ:y'*>TV y^v^.y FfM (H^-tlr-f ) ± 
ti5ttl.S4coaS|g4 4 S:x.yf-y/LTl^*-rs. 
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